Despite significant advances in the techniques used for its control during recent decades, the mosquito continues to pose serious public health problems. Mosquitoes are the principal vector of a variety of serious diseases, including malaria, yellow fever, dengue, and encephalitis. Alone, malaria is estimated to kill between 1.5 and 2.7 million people every year (Beier 1998) .
Insecticides have been used for vector control, mainly organic compounds in origin such as organochlorides, organophosphates, carbamates and pyrethroids. This method of control has proved to be ineffective and undesirable because of development of insect resistance and environmental pollution due to continued accumulation of the slowly degradable toxic compounds (Palchick 1996) .
Co-evolution has equipped plants with a plethora of chemical defenses against insect predators. Aware of this effect, mankind has used plants or plant extracts to control insects since ancient times. Plant derived products have received increased attention from scientists and more than 2,000 plant species are already known to have insecticidal properties (Balandrin 1985 , Sukamar et al. 1991 .
Roots of certain tropical plants Leguminosae, especially species of Derris, have been used as insecticides. The biological activity of these roots has been attributed to a modified isoflavonoid known as rotenone (Davidson 1930 (Greenhalgh 1986 ). Other important constituents of Derris root (deguelin and tephrosin) have been shown to be toxic to insects, however they are less active than rotenone (Davidson 1930) . This natural pesticide is a respiratory inhibitor acting between NAD+ and Co-enzyme Q interfering in energy production (Greenhalgh 1986 , Beattie et al. 1994 . A secondary detrimental effect, the induction of cell death by rotenone, has been attributed to a very advanced stage of poisoning (Lindahl & Öberg 1961) .
The peritrophic matrix (PM) is an acellular sheet that involves the food separating it from the midgut epithelium (Richards & Richards 1977 , Peters 1992 , Terra 1996 . There are two fundamental types of PM defined by their site of synthesis. Type I PM is produced from the midgut epithelium, often in response to feeding, while type II PM is typically constitutively synthesized by a small group of highly specialized cells in an organ called the cardia, located in the anterior midgut region. Both types of PM are composed of proteins, proteoglycans and chitin, which together form the robust structure as well as the protective and semi-permeable functions of the matrix. The PM is present in most insects at least at some stage in their lifecycle. It has important roles in facilitating the digestive process in the gut, protecting insects from invasion by viruses, bacteria, protozoa and helminthes, and protecting midgut cells from abrasive food particles (Shahabuddin et al. 1996 , Tellam 1996 , Lehane 1997 , Terra 2001 . A novel role for the PM is suggested. It may provides protection to Leishmania parasite from the action of the host digestive enzymes (Pimenta et al. 1997) . It also protects the insects, at least partially, against chemical attack by potentially toxic agents with much smaller molecular dimensions (Peters 1992 , Regev et al. 1996 , Lehane 1997 , Barbehenn & Martin 1997 . Thus, the permeability of the PM is not a matter of simple ultrafiltration related to pore size (Derksen & Granados 1988) . The ingested toxic chemicals may cross passively or disrupt of the PM structure, which negatively affects the insect.
The current study is part of a broader study undertaken to screen plant extracts in order to isolate new secondary metabolites for larvicidal activity. Here, we investigate by light and electron microscopy the morphology and ultrastruscture modifications of the peritrophic matrix in D. urucu-treated Aedes aegypti larvae.
MATERIALS AND METHODS
Plant collection -D. urucu was collected in the state of Amazon, Brazil.
Mosquitoes -Ae. aegypti was originally obtained from Dr Ricardo L de Oliveira, from a colony established at the Fundação Oswaldo Cruz, Rio de Janeiro, Brazil. The adults were reared in a room maintained at 27°C in humidified cages and provided with 10% sucrose. Larvae were reared on a ground commercial mouse food. Early fourth instar larvae were used in the experiments. The larvae were anesthetized by placing them in Petri dishes on crushed ice. Dissections were carried out in cold phosphate-buffered saline (PBS).
Extracts preparation -The roots of the plants were dried at room temperature, ground in a knife mill or in a homogenizer and extracted for 24 h with methanol at room temperature. The solvent was removed by rotatory evaporation at a temperature below 45°C. The resulting crude extracts were transferred to an open vial and the residual solvent removed for at least 24 h.
Bioassay -Each root extract (medulla and bark) were homogeneized using 100 µl of distilled water in microcentrifuge tubes, then diluting in water to the appropriate concentration (13, 25, 50, 100, 150, 200 , 250 µg/ ml). Thirty larvae were then pipetted into each 20 ml volume and observed for a maximum of 24 h, when mortality was recorded. Larvae were considered dead or moribund if they stopped moving for a prolonged period even after gentle probing with a small spatula, as described in the World Health Organization's technical report series. Larvae maintained in distilled water were used as a control. All experiments were run in triplicate. LC 50 and LC 90 were calculated using probit analysis (Armitage & Berry 1987) ; LT 50 was calculated using GraphPad Prism computer program (GraphPad Software Incorporated 1995) .
Light microscopy and transmission electron microscopy -Histopatological effects of ingestion of D. urucu root bark (150 µg/ml in water suspension) were studied on midguts of Ae. aegypti larvae. After 4 h of treatment, the midguts were fixed in 2.5% glutaraldehyde, 0.1 M sodium cacodylate, pH 7.2 for 12 h at room temperature. After several washes with the corresponding buffer, they were post-fixed in 1% osmium tetroxide plus 0.8% potassium ferrocyanide (1:1) for 1 h at room temperature. Tissue samples were then dehydrated in a graded series of acetone. Epon resin was used for embedding, and thick sections of 0.6 µm were cut using a diamond knife. The sections were stained with 0.1% toluidine blue and examined using a conventional light microscope. Also, thin sections of 70 ηm were cut with diamond knife using an Ultracut S (Reichert) ultramicrotome, stained with uranyl acetate for 40 min, lead citrate for 3 min, and photographed using a Zeiss 900 transmission electron microscope at 80 kV electron acceleration. Larvae maintained in 1% latex beads were used as a control.
Sequential extraction of PM proteins -Fourth instar Ae. aegypti larvae were maintained in D. urucu root bark aqueous suspension (150 µg/ml) for 2 h (passage time of food bolus throughout the gut). Larvae fed with 1% latex suspension were used as a control. One hundred and fifty PMs from each treatment were homogenized and sequentially centrifuged (22000 x g, 5 min, 4°C) using buffer A: 100 mM Tris-HCl, pH 7.5/NaCl 150 mM/5 mM ethylenediaminetetraacetic acid (EDTA)/0.1 mM phenylmethylsulfonylffluoride (PMSF), and buffer B: 100 mM Tris-HCl, pH 7.5/4% Sodium docecyl sulfate (SDS)/ 0.1 mM (PMSF). Following the extractions, the supernatants containing the released proteins were Trichloroacetic acid (TCA) precipitated and analyzed by silver stained Tricine-SDS-PAGE (Schägger & von Jagow 1987) .
RESULTS AND DISCUSSION
The mosquito larvae secrete a layer of non-cellular material which separates the food from the epithelial cells of the gut. This layer is called peritrophic matrix PM. The PM acts as a protective barrier against various chemical, physical and microbial food components (Peters 1992) . In this study, larval mortality caused by methanol extract of D. urucu appears to be related to disruption of PM structure and rupture of midgut cells.
Aqueous suspensions of different concentrations of D. urucu bark and medulla root extract were tested against fourth instar larvae. Dose-response curves obtained after 24 h of treatment were exponential (Fig. 1A) , showing that both extracts were very effective against Ae. Aegypti larvae. Root bark extract was more active than root medulla extract presenting LD 50 and LD 90 values of 17.6 µg/ml; 55.4 µg/ml and 33.32 µg/ml; 83.69 µg/ml, respectively. Mortality among controls was zero for more than 95% of the assays, and in no instance did it exceed 10%. Time-response curves, obtained for 250 µg/ml (100% of mortality for both extracts), were also exponential (Fig. 1B) . LT 50 for D. urucu root bark and medulla were approximately 6 h and 7 h, respectively. In mosquito larvae, excreted food residues are enveloped by PM. Fecal pellets of mosquito larvae are rod-like shape when they are fed inert particles ( Fig. 2A) . Larvae fed with extracts of D. urucu excreted a large amount of amorphous feces (Fig. 2B) . Control larvae, maintained in distilled water did not produce feces. Modified fecal pellets started to appear 1 h after the beginning of the experiments. In Schistocerca gregaria, more than 30% of the potentially toxic dietary tannins are associated with the PM and discharged with the fecal pellets (Bernays & Chamberlain 1980) . It has been reported that Ae. aegypti larvae of DDT resistant strain produce nine times more PM than the susceptible strain (Abedi & Brown 1961) . Peters (1992) suggests that this enhanced synthesis of PM, induced by the uptake of DDT, is a unusual insect mechanism of resistance. Therefore, the elimination of toxic chemicals enveloped by PM appears to a defensive physiological response of the insect larvae.
Light microscopy resolution was not enough to detect any effect on the PM structure from D. urucu-treated larvae (Fig. 3A,B) . Its appearance was similar to the control PM (Fig. 3B) . Plant extract particles were entirely contained by the thin PM. However, during dissections, the PM of treated-larvae was consistently fragile and difficult to pull out from the midgut. Electron microscopy of the Ae. aegypti control PM reveals a regular pattern of 5 electron-translucent and 6 electron-dense layers. These are progressively thicker through the epithelium side (Fig. 4A, Peters 1992) . The PM from root bark fed mosquitoes is greatly modified (Fig.  4B) , probably due to alteration of the chitin meshwork containing pores. The enlarged PM pores allow the passage of ingested food material to midgut epithelium (Harper et al. 1998 , Wang & Granados 2000 .
Light microscopy revealed histological alterations in the midgut epithelium of treated larvae. Fig. 3B shows less stained cells detached from neighbor cells or from the basal lamina. The midgut of untreated larvae is exclusively composed of regular stained columnar cells (Fig.  3A) . Cell damage was most apparent using electron microscopy. Some midgut columnar cells extruded their cytoplasmic contents into the midgut lumen as shown in Fig. 3C . In crickets, rotenone feeding leads to rupture of gastric caecae and Malpighian tubules cells (Greenhalgh 1986 ). Rotenone action in the fish has been attributed to the epithelium lysis and blockage of circulation of the gills. Rotenone also causes decrease in oxygen consumption in mouse liver (Lindahl & Öberg 1961) .
In order to verify whether the D. urucu root bark extract treatment could also interfere in the interaction of PM and its associated proteins, two buffers were sequentially employed to extract PM proteins according to Elvin et al. (1996) . Ae. aegypti proteins are strongly bound to the PM. Few proteins were extractable either by buffer A, or buffer B from control PMs (Fig. 5, lanes 2 and 4) . Strongly bound PM proteins were also observed in Trichoplusia ni (Lepidoptera) larvae (Wang & Granados 2000) and Lucilia cuprina (Diptera) larvae (Elvin et al. 1996) . The majority of the total PM proteins from L. cuprina are not solubilized by strong denaturants such as SDS used in our experiments (Tellam et al. 1999) . However, in vitro extractions using the same buffers stated above released a significant amount of proteins from PM of D. urucu-treated larvae (Fig. 5, lanes 3 and 5) . These results suggest that PM disruption by D. urucu extract weakened the interaction among PM proteins and other PM constituents, chitin and/or proteoglycans.
The extract of D. urucu has already been the subject of phytochemical studies and has been shown to contain insecticidal isoflavonoid-type compounds known as rotenoids (Davidson 1930) . In addition to these studies, a bioassay-guided chemical fractionation protocol will be conducted in order to identify further larvicidal components in this extract, mainly those responsible for PM disruption. These metabolites could be used as part of a novel strategy for insect control. Disruption of PM structure could facilitate the transport and enhance the insecticidal activity of different agents such as virus, bacteria, protozoans, toxic proteins and plant secondary metabolites. 
